On the state of calcium ions in isolated rat liver mitochondria. II. Effects of phosphate and pH on Ca2+-induced Ca2+ release.
At high K+ concentration, the effect of phosphate on Ca2+ uptake and release was studied in isolated rat liver mitochondria. Phosphate stimulated uptake at moderately high Ca2+ concentration, and inhibited release at high pH. At low pH, phosphate accelerated Ca2+ release. Ca2+ was released after a lag phase. The time of onset and the velocity of Ca2+ release depended on Ca2+ concentration. Ca2+ release was associated with mitochondrial swelling and destruction of the permeability barrier for sucrose and for chloride. Mg2+ inhibited Ca2+ release and the accompanying events. Ruthenium red and EGTA protected mitochondria from the destructive Ca2+ release and induced an immediate, slow release of Ca2+ and phosphate. Destructive Ca2+ release depended on the time of preincubation of respiration-inhibited mitochondria in the presence of Ca2+, prior to respiration-initiated Ca2+ uptake. The presence of phosphate and mitochondrial energization antagonized the destructive effect of calcium ions. Ca2+ release by acetoacetate also depended on pH. At pH 6.8, phosphate-stimulated Ca2+ release by acetoacetate, while it inhibited the acetoacetate effect at pH 7.6. The results suggest that an essential cause for the destruction of mitochondrial integrity is an increase in the intramitochondrial concentration of free calcium ions under the influence of phosphate.